BACKGROUND: Renal function influences decisions regarding treatment for patients with squamous cell carcinoma of the oropharynx (SCC-OP). However, the importance of renal function in SCC-OP has not yet been reported.
Oropharyngeal cancer accounts for 10-20% of all head and neck malignancies; however, its incidence is now increasing due to increases in HPV-related squamous cell carcinoma of the oropharynx (SCC-OP) globally as well as in Japan [1] [2] [3] . SCC-OP is considered to be highly sensitive to chemotherapy and radiotherapy compared with other head and neck cancers such as cancers of the oral cavity, hypopharynx, and larynx. Therefore, chemotherapy is mostly used for advanced cases as part of a multidisciplinary approach, although monotherapies such as surgery or radiotherapy are applied to early cases. According to the 2005 National Comprehensive Cancer Network (NCCN) guidelines (Version 1), patients with T1-2, N0-1 disease were recommended to receive definitive radiotherapy, chemoradiotherapy (T1-2, N1 only), or surgery. Patients with more advanced stages were recommended to receive chemoradiotherapy or surgery. Postoperative radiotherapy or chemoradiotherapy was recommended if adverse pathologic features were present.
Cisplatin has been the most important key drug in the treatment of SCC-OP as well as other head and neck cancers, although molecular-targeted agents have recently been applied to head and neck cancers. However, cisplatin has renal toxicity, so it is not indicated for patients with impaired renal function. Therefore, renal function influences decisions regarding treatment for patients in daily practice. However, the importance of renal dysfunction has not yet been reported, although comorbidity is known to have an impact on survival in cancers originating in certain sites [4] [5] [6] [7] .
In this study, we analyzed whether renal function is a prognostic factor in SCC-OP using data obtained from twelve institutions across Japan [8] [9] [10] .
MATERIALS AND METHODS

Patients
The data for 523 patients with previously untreated oropharyngeal cancer between April 2005 and March 2007 were gathered from 12 institutions belonging to the Head and Neck Cancer Study Group in the Japan Clinical Oncology Group (JCOG). Overall, 37 patients who received palliative therapy, 16 patients with non-SCC, and 10 patients for whom complete data could not be obtained were excluded from further analysis, and the data for the remaining 460 patients were analyzed retrospectively. The general rule of treatment was decided on the basis of the above-mentioned NCCN guidelines at that time. However, the treatment for each patient was sometimes modified according to the patients' wishes and/or clinicians' preferences.
This multi-institutional joint research was representatively approved by the appropriate ethical committees of the National Hospital Organization Tokyo Medical Center, Tokyo, Japan.
Study variables
Clinical data including age, sex, stage, primary tumor subsite, treatment, alcohol consumption, smoking status, hypertension, and diabetes mellitus were recorded. Alcohol consumption, smoking status, hypertension, and diabetes mellitus were self-reported. Alcohol consumption was stratified as patients who never drank (never), those who quit drinking at any time prior to diagnosis (former), or those who drank at the time of diagnosis (current). Similarly, smoking status was also stratified as never, former, and current.
The initial main treatment was classified as the treatment for the primary tumor. A classification of surgery included all cases undergoing surgery as the main treatment for primary disease even if patients received radiotherapy and/or chemotherapy before or after surgery. Similarly, a classification of radiotherapy or chemoradiotherapy included all cases receiving radiotherapy alone or radiotherapy with concomitant chemotherapy, respectively, as the main treatments for primary disease even if patients received chemotherapy before or after radiotherapy. The presence of surgery, radiotherapy, and chemotherapy were also classified as the initial therapy for the primary and/or neck disease.
Creatinine clearance (Ccr) was calculated using the Cockcroft-Gault formula. Patients were divided into those with a Ccr ≥50 mL/min and those with a Ccr <50 mL/min.
Statistical Analysis
All patients were closely observed during follow-up. The median follow-up period was 4 years 
RESULTS
Study population
The 460 patients had a median age of 63 years (average 62.6years, range 36-96 years), with 180 patients (39.1%) treated mainly by surgery, 114 (24.8%) by radiotherapy and 166 (36.1%) by chemoradiotherapy. Other patient characteristics are shown in Table 1 . The median Ccr was 79.0 mL/min (average 81.1 mL/min, range 5.3-208 mL/min). Four hundred and three patients (87.6%) showed a Ccr ≥50 mL/min and 57 (12.4%) a Ccr <50 mL/min. The average age of the Ccr <50 group was older than that for the Ccr ≥50 group (p<0.001, Kruskal-Wallis test). The Ccr <50 group showed a significantly different overall distribution of main treatment (χ2=22.31, p<0.001), presence of chemotherapy (χ2=16.69, p<0.001), and alcohol consumption (χ2=15.24, p<0.001) when compared to the Ccr ≥50 group.
Survival analysis
As p=0.0004) were associated with worse OS on univariate analyses. Patients with a Ccr<50 also showed statistically worse OS than those with Ccr≥50 (p<0.0001, log-rank test, Figure 1 ). On the other hand, surgery (HR 0.78; 95%CI 0.63-0.97; p=.03) and hypertension (HR 0.58; 95%CI 0.32-0.97; p=.04) were associated with better OS on univariate analyses. On multivariate analysis, age, stage, hypertension, and Ccr <50 showed a significant association with OS. Similarly, age, sex, stage and Ccr<50 showed significant associations with DSS on multivariate analysis.
DISCUSSION
We observed that renal function was a significant prognostic factor among patients with SCC-OP in this study. Patients with end stage renal disease were reported to be at increased overall risk for cancer [11] . However, to our knowledge, this is the first report to suggest that renal function is a prognostic variable in patients with cancer. The landmark study, RTOG 91-11 compared induction cisplatin plus fluorouracil followed by RT, concomitant cisplatin/RT, and RT alone. Eligibility for this study included a Ccr of at least 50 ml/min [12] . Further, patients with a Ccr of 50-60 were treated the same as those with Ccr≥60, not like those with Ccr<50 in this study population. Therefore, a Ccr of 50 was used as a cut-off value in this study.
In order to understand why renal function was a prognostic factor among patients with SCC-OP, we first speculated that patients with impaired renal function could not receive adequate treatment including chemotherapy even if it were needed and resulted in worse OS. Indeed, the percentage of patients with a Ccr <50 was significantly higher among those not receiving chemotherapy than in those receiving chemotherapy. And the treatment regimens of choice might have been a little less aggressive in patients with impaired renal function and/or some patients with impaired renal function might have been less likely to undergo the planned treatment. Indeed, of 12 patients with Ccr <50 were treated with some kind of chemotherapy. Four patients received cisplatin-based regimens, although all 4 patients did not manage to complete the planned therapy.
Three patients received cisplatin analogues, such as carboplatin or nedaplatin, which produce less nephrotoxicity. The remaining 4 patients received chemotherapy which did not include platinum (Table 3 ). On the other hand, 81.6% (165/202) of patients with Ccr≥50 who received chemotherapy, also received cisplatin. Therefore, we speculated that the patients with poor renal function were indicated for less aggressive treatment and had a poor prognosis.
In addition, several studies have recently found an association between moderate chronic kidney diseases and increased overall cancer risk [13, 14] . Therefore, we speculated that patients with Ccr<50 were more likely to die of other cancers and analyzed the cause of death by renal function among all patients. Patients dying of OPC accounted for 47.4% of the Ccr<50 group and 27% of the Ccr≥50 group. As for patients dying of other cancers, 3/57 patients (5.3%) with Ccr<50 (gastric cancer, lung cancer, and unclear) and 7/403 patients (1.7%) in the Ccr≥50 group died of other cancers. Other cancer deaths might have contributed to our finding in this study that renal function was a prognostic factor. However, the main reason underlying this finding is considered to be death due to OPC.
Next, we focused on patients with early stage (stage I-II) disease who were not usually indicated for chemotherapy. Radiotherapy alone or surgery alone is considered to be sufficient for such patients. However, Ccr was also found to be an independent prognostic factor among patients with stage I-II disease by multivariate analysis (data not shown). Therefore, it is difficult to say why patients with stage I-II disease and impaired renal function had a poor prognosis based on these results.
The two main causes of chronic kidney disease in adults are diabetes mellitus and hypertension [15] . Diabetes mellitus and hypertension are caused by smoking and alcohol consumption. These factors are also a cause of oropharyngeal cancer, although HPV-related OPC has been increasing sharply in recent years. Therefore, in this study, we expected that a lot of patients would present with diabetes mellitus and hypertension. According to the National Health and Nutrition Survey of Japan, 2004 [16] , the ratio of people with HbA1c ≥ 6.1% among the 50-59, 60-69, and 70+ age groups were 10.2%, 13.6%, and 18.0%, respectively. In addition, the ratio of people with systolic blood pressure ≥ 140mmHg, diastolic blood pressure ≥ 90mmHg, or taking antihypertensive drugs among the 50-59, 60-69, and 70+ age groups were 47.2%, 61.4%, and 72.3%, respectively. In this study, 57/460 (12.4%) of the patients had diabetes mellitus and 57/460 (12.4%) also had hypertension. The comorbidities of diabetes and hypertension were not considered to be high compared with those reported in the national survey. However, since the information on the presence or absence of diabetes and hypertension in this study was gathered through patient interviews in most cases, the information might not have been entirely correct. Hypertension was also associated with better OS based on the multivariate analysis in this study. Although we examined the relevant data carefully, we could not identify any possible mechanism by which to explain this association. Therefore, further discussion of the comorbidities of diabetes and hypertension among OP-SCC patients is of limited value here. Further, 22.0% (101/460) of patients in this study had a Ccr <60, which is defined as chronic kidney disease. The figure appears to be considerably higher than that among the Japanese general adult population, which was reported to be 12.9% [17] . Comorbidity has been reported to have an impact on survival in head and neck cancer [4] [5] [6] [7] . Patients with chronic kidney disease might have severe comorbidity. However, as this study data was multi-institutional and gathered retrospectively, it is of limited value in drawing conclusions.
The data used in this study was from patients treated between April 2005 and March 2007.
During that period, molecular-targeted agents were not available for patients with head and neck cancer in Japan. Further, HPV status was not examined routinely even in patients with SCC-OP.
Actually, HPV status was examined in 25 patients in 2 institutions; however, only two patients (8%) were found to be HPV positive. According to other reports, the HPV-positive rate has been rising sharply in recent years [1, 3] . However, cisplatin has been and will continue to be the most important key drug for the treatment of patients with SCC-OP, despite the introduction of molecular-targeted agents for the treatment of SCC-OP and the increase in HPV-related SCC-OP, which has a better prognosis than HPV-negative SCC-OP [1, 3, 18] . Therefore, the results provided herein will be useful in better selecting treatments for SCC-OP. In particular, patients with advanced OPC and poor renal function should be treated by surgery, if possible, for now as radiation alone is not sufficient to eradicate advanced cancer and the application of chemoradiotherapy is difficult for such patients. In addition, radiotherapy with cetuximab could become a treatment of choice for such patients as the patients may be able to tolerate cetuximab.
However, in the near future, we hope that immunotherapy such as PD-1/PD-L1 antibody, will be applicable for patients with poor renal function in the same way as it is for those with normal renal function. Recently, age, obesity, and marital status were reported to be prognostic factors for head and neck cancer [19] [20] [21] . These simple clinical factors must be also useful in clarifying the most appropriate treatment for each patient with SCC-OP.
In conclusion, we report for the first time that impaired renal function is an independent predictor of increased risk of death in patients with SCC-OP. Although this result was derived using data from patients with OPC during the study period in Japan only, and should not be generalized to include other cohorts, a system for deciding the treatment for each patient must be produced using not only complicated biological factors but also simple clinical factors so that it is easily understandable by head and neck oncologists all over the world. CDDP, cisplatin; RT, radiotherapy; DOC, docetaxel; 5FU, 5-fluorouracil; CBDCA, carboplatin; NDP, nedaplatin; S1, combination oral drug tegafur/gimeracil/oteracil
